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RESONATOR V\ >' < MPOKEN'I Vv H HERMETIC ENC \PSU! VTION 

TECHNICAL. FIELD 
Lli^-Hvv^H^H-^kk^'-i Tbis patcnt. .<^Hc^on descnbe^ awa." -w aw with 

acoustic resonator (BAW resonator or FBAR resonator), and a component having 
hciitMk* cm >». on contai uiaonco s )kiraht> >. in a t o 

BACKGROUND 

Sntw h.ew kO\s a c v. ituKc -j\-pitxti&Ahi :br i v ^ 1 s nsc-dorc 

< tea techmdogy and ma> e. he a rsobik ru u ca os devi es 

\ resonator working with bulk acoustic waves has a piezoelectric layer arranged 
between two metal layers (electrodes). The layers are seqoeobady deposited on a 
sah.wate s cture \aebaanauHr thai t wre au ses dy otdresorraao v l el 

are electncain warn ua '« Aaaoy-,: aid w .a d -dies awes now toeetho 
v > > a ro. , o, example,: 

v ^ ( . <. v \ i v x.s or ami 01 
to keep acoustic energy in the substrate upon which the resonator is arranged loom 
escaping, cither an acoustic mirror is arranged underneath the resonator or an air gap is 
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5 quarter wavelength (or an odd i of a < * w of the acoustic wave that 

theoretical idea! case of maximum constructive interference of lite acoustic waves 
edeoe s v j ^ t ^ t l ov. s 

> t ( on fbi resonator 

m 

\o ~i gap also -*x\c- tnc oav v p-.-ooie. because me : c . k « <„> mmp 
! <c veei >, \ ores nato and t < is ssu eie > efiet \ t 

acoustic wave almost completely. 
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20 Such housings which v< ^ v< < , , v ceramics or metal, tor example, have two parts, 
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been inserted. 

Such housing technologies demand high procedural and financial costs, however, 
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composition. Here << m i i*. ■< i i comprising at least three mi rror layers is 
serted Hick c in tern maior 

SUMMARY 
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which con s s r ij.s - *> ! v. 
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tV o v * <- -N , c *i<iotinw La the oompone" ^ - . < ecv; . \ 

over the a ,m>sv mv- 

15 eleetnc layer is so chose - * e sea nj o 

\hc o^ * or .i u>! v v. \ tlicrcfooro. A ,o ox - ^s^^fe 

%oi h ss Ihoreforc n : R;okeK>re simply constructed ersd h:Ooofert? less expensive r* 

20 v e\ v ! t' .ti . c 

< i eta verarosO k\-ei s * ? he n:o!en;d used tha 
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their thickness oorrespo-uls to approximately one fourth o.t the -a a- e'eosnh (er to an odd 
melhpse } . ct -m a v. > c b ti e ts v o 



\loreo> «. > 

, h < \ \ < , 1 , „ ' s ^ m hi 

P » \ I s U I I V.C v. v. ! i 

electronic components are known as dielectrics and arc here proposed for the first time as 
a functional constituent part for components working with hulk acoustic waves. These 

ov* \ dvfo. <v w I 

•usually also have extraordinarily good insulating and sealing properties, making them 
parucukfop aponaa jam for the scalma mimeo ianer a 



acoustic minor that exhibits two suitable mirror layers (dielectric layer arm .metal layer) of 

S . ^ V !Sv v S n l,lu > e^ t 

, L v d ^\ , ^ a 1 1 \ > m , ... tn 
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b ck ress ess cridcu * oust ic mirror I aye 

case of lire first two layers. Other materials, particularly less costly materials, which 
would be less so-table or unsuitable for the acoustic mirror itself cootprtstog a dielectric 
layer and metal layer, therefore also come into consideration for the additional single 
vc-i- ns mbv 

m n. i t c l w . afo i v - v mm oi al 

C3iwK a\7 oi m{ v oKiJ cm , i -i. o i >>! vow-bit 

s '■v.uoic i ^cangemeni is normally st cturec out sf a common layer 
uSc comprising, at least a first electrode, a piezoelectric layer and a second electrode. 
A suitable mterconnechor; of the individual resonators, oiiich may represent a ladder-type 
, ocufo^m v t v a Uc ul N » -> - e i. of the 

electrode layers and possibly also of the piezoelectric layer. Such a circuit arrangement 

v > ^ Kt a mo \ o u v v ojii U' 

esora, \ vc 1 <. , v * v uvik k 

eemimmi ^ u v e t w < it. cv> ot unci a, 

structured from the common layer structure ami interconnected together, are mutually 
i v v s < T i m* o y< - ~ s o c 
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v n ' v ^ 5 1 sMDh other elect. e^ U j a i> 

The layer structure is produced through lire thin- nhir process by depositing the 

i *v s i t v i v- 1< . n.ue - ^ 

one i J idceioy uyu - - i 

Cv :up v Ue ! csp,x v >eeme, glass 

ceramics or any other substances suitable i carrier material. Due to the small sizes of 

, s <tif!!orofi oftf>i , sx ^ e ■< 

ma<>ea okv ! is pov-s •->■ \ ;\oJt U ' I- on ouc b\c struemm . s > ye snmbe; <nt" 
components shnultaneously and in parallel on one wafer. It Is then also possible to 

lepositih I md m to surface ve i produced on one 

k s •> u is J!.y>v ». , v o. r\ ss v. 

circuit elements on the wafer and iotercoimect them integrated with the rcsomPom. Seen 

e .mmm _ „ -^v^r-d >e 

<e * * comprising the dielectric layer and the metal layer. 

After the last layer has been deposited and possibly structured, the components are 
s<- , u i e „ s i t i x , v mn lss o 

m i \ v v " v <- 

Mi. 0ve.ee 't .s v\rk .a the m-accom cr:b > dis the 
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scaling action. The metal layer serves exclusively as a layer of high acoustic imp< 
tor the acoustic mirror and, with a suitable electrical connection, may serve as an 
electromagnetic shielding layer. 



As already mentioned, on the wafer a is possible to build circuits comprising 
x e a ia - s - „ v. s n , m v > i' v! . 

VU- T ! S>? n v v v J U s <. n 

! v s a, i < O'O iuM <- K ><< in 

such as a high-itcquenc> circuit, adaptation circuit, antenna circuit, diode circuit, 

' V v „ - s , > - i „ „ \op 

•Biter, power amplifier, preamplifier, LNA, diplexer, duplexes coupler, directional 
mpk lemej balua, mixe oroseillatoi No acoustic nirro is k < 

^ . v o -.it o > a v » e i 

n \ v. , a so u s a 

electromagnetic shielding for the > near elements. 

A desirable : £ et j-a he ;nmm,;> for ti v Jmleetnc layer is us ^cU-ivrn-duoHe 
w n , tv - . n i i r \ s ^ < w „ < . tha lays 

, „ N . , n » » t «. V C . V N 1 « " Ik* 

'V- lew . . so > t and, in >nn 1 * > v n -n , e 
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>11 o r>ropc ? a- < - i , , - ^ d v.i m < 

C v. * V > (. I ) S JO n , . ,\ ,^ 1 

;Lc nam*. C\c i < , 

dielectrics and sealing layers for si. circuits. Advantageous in particular are 

a. „ „ o * ^ Jobutene. 

K > L, x X. v v. )s i'Ju s x _ 

of _ de c ic on of heat, ihev p> 
! s , < -.^m s ^ \fo mo rt v ^ p oees« 

> v v tO 'hHUIS 

pv^eular \ n - 1 e ek pi< t Ju> a cieieUr'v, 1 \. 1 as - . .\ ^p.uK^ a 

possible for a component liav-st < The effect of the elastic properties 

of fee dielectric may be such that it is possible to partially or completely compensate for 
!aye>- ^re^. vh»ch can build up on the bouudan surfaces to ia>ee> o .3- lvUn\ m m h>u ^ 

do|\ \ u !< , ■ , . \ l v, , <e < t v ! ^ S w> . IN 

i ! ' integrated optic components in the semiconductor industry, for example. 

Besides benzocyclobutenes, other low-k dielectrics thai feature a low acoustic impedance 

v. U v. > H - > ^ ^ I *. 

v M vs, * v I \ 1 > vN 
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m 1 , \ m m: 

porous #i!icuic.s ^ - ejtv; > shoxane dern ec { m c«->nd<, *vd sik quit*?; tes \ 
polyaro;mafie compound or cross- linked polyphenyleae. 



above the resonators and additional circuit elements that, may be present re bus process, 
an embedded suriaee is obtained lor n dielectric layer, which, however, means that 

f Mt \ > "> ^ t 1 l <. N v. 

resonators, above the water, or above other circuit elements. m t> b s 

The component & maybe planarixed n such a manner that the layer thickness of the 
dielectric layer remaining above the resonators corresponds to a X-quartet layet (or an odd 

1 pie - i > w < v i i\ i.rf K 

' 5 isa , , s m Hi 1 Ik mtc *K "i e dv^ ' ' * .mo 5 

-a cibn _s en o --a . cs material ^ nr. a fhmar cb ^ 
plurality ibhestmaiors and possibly additional circuit elements, there also restdts a 

v, ip s c i ^ m n j v < \ t 

as another metallization plane, electncai termmai pads, soiderable terminal pads, ibr 

«d \ permitting the deposit of bumps that make it possible to connect the component 
to a prink 
chip tec rm„ 
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5 the m gures ass cia x icre* it! 



DESCRIPTION OF THE DRAW r i iS 
5 Pigur. ^ ! n* n v s 

substrate. 

igur< n ■ - encaps iaik i for a resonator 

<. -. , s ! f D 

10 I igu 

igi v 6 sk >vs t s tee u g e i 

dielectric layer. 

Figure 8 shows (be fining arrangement having a ecaUrnuous bottom acoustic 

IS mirror. 

Kltk ^ x M <o< r ' ii k> *U O >t <' f 

above the metal layer. 

s.v t irther 

circuit clement is integrated, 
20 Figure 1 1 shows the simulated forward behavior of a duplexes' > ! of 
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DETAILED DESCRIPTION 
n ^ a o v ;c-s voc\oa or l k , e . i 

s o . ^ 1 ^ > <- ^ " ^ \ 

" vS i leu ii rcs/b abo e the \a -Kink ^ n ^ N , - n,yau . ^ s The 
acoustic mirror comprises j least two, frefeafel-y mavbti ^ Avers, which are more than 
'dim ( \v w l o v , ^ v , v - -» i 
i •> ' ode I vcr ES\ a p c v m; <. c ^ -uo , < u < > c 

lyei e -v v 

Figure 2 shows an alternative method of manufacturing an F BAR resonator 
without an acoustic mirror. In this ease, die layer structure e*»^Htl includes an 
electrode ^ < r\v i. <. -> n* . ^ o>\cht^ 

layer structure SA has been made, the substrate is thinned in the vicinity of the resonator, 
wherein est i d n \ir< i u s a wheteumi s s ^ $ remove*, 

i a ohCv'i-iA';,A > > v v , * h 

Figure 3 shows, m a schematic cross section, a known method of hermetically 
t> * " <\ ^ u k> i f ns - l s ^,A0 ^ ^ 

asm u m <. s " ( ^c< \d 

t . ^ h>f , Uhso a < " 
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+s ! (578 S 2Gi )69$\ St 

T \ \^ ; \ " so 

hesubstra £ i stene there! ther ways 

Figure 4 shows, m schematic cross section, another method for sealing m FBAR 
resonator ^ trorn I S 6087 1 98 < which has already beea a-enboned. An acoustic 
mirror 48 composing < least three layers is arranged above the conventional layer 
s , v. n exu vera, with . > ^ i 1 

msmw s <m uu n no then cured . , ss 

.resonator is intended to protect it from environmental exposure. 

k i ? shows iithe - emaiic cross sec u part o aeompon.cn 

h4 ► ! i v l. \ v. > <> ans J v. 

resi r ito < u bsti ste SI 

> s - w com e resonant ica i. e :a>< an eismns 

covered with a dielectric layer DS. whose thickness corresponds to approxhnateiy one 

, Ov^Wv i> * v v < i , v s ^ e> ^ , me 

m i \t :ro n en-, s s. n > •> w ^ ^ >~ u i 



\ . a ^ w v ^ - * ilx.i.^ \, ^ . -w - o murthofa 

e. a\ clcngti: {or an odd multiple thereof) in the working frequency of the resonator is 
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U.S. tpplu rtioB V >C523/s?2 

am-nged ihercvrc The metal ie specially .selected from the \ 5e^ < c u u\fumu:su 
acoi -< ^ e !v s v} c v j v 

appropriate for the metal layer, 

5 " V 1 " N V " v. ^. V V , 

i , i rem one 

i v O ^ ' \ 1 ^ v H s i S \ U V * 

e nes- , o v iv K < a.i i >u , w^ ' 1 

si. f ou ^ '1 1. 

10 r - - - ? <- C 1 - ^ ,v 

I LNi „ ^v' V, ' „ S ^ v. i. \S Uv f J! <s . i ) 

lac resonators. 

A .metal layer MS, which at least t the resonators likewise has a layer thickness 
15 D2 that corresponds io one-quarter of the wavelength of the resonator working frequency, 

u> nrrun-^vv] or the mud *uri u.e oi the dielectric layer DS h Ls dearly e% idem from the 
figures that ihe dielectric layer, which may tennmate outside the resonators on hie 
substrate St), completely covers the resonators I R2. The sealing characteristics of the 

f [ , k i ^ > ' X v. d t s 

20 s \ s , - v v v 

?cros 1 * v ^ -wo g \ oc <v - is opnfwa-h p. - . ; s - -nan^ frorn 
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; " > : ; >\ 
envsromncHal c\p - n eta layer protects the esonato i ni 

of providing additional layers, structures, metallization planes or soldered joints above the 
nseiv Lne: mhesame s rMSpiwd, Hee\. vie skidding 

O* v 0 SOsO 5 x " IxS - < i , i - , \ ^ N s s s v s 



mponajit hi 4\ 

10 used in Hi fdui- !W the : gignhen/ omav. fur e\ omih then them results, tor 

v a o > . ess Dl 

ap } si s v " T? o ^ ju. - < Hi ' Jouoh hi\ aue's 

i 1 3v uui a * 

* i <. f ) i! so As fe-rthc ia v " w * , < u ; v- . * MS. 

\5 K s , \ s \ t. \i. ill ! 1 d ! ^ l ' M'rtO 

< ! evre <■ 1 > ^' . \ .O , ^ v ( "m < e of 

thicknesses arc desired tor the dielectric layer DS and/or metal layer MS for technological 

then it is possible to resort to odd multiples of one-quarter of the wavelength lor the 
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, c i ZGH> 1. \ ux}\^ 0 I, i> N 
K?homvV.. o e c ^'K.o"i voi^i'v; 1 ; we, sw s as 

- - -i n \ \" insertion mw ror irv.ie.-o>, v-eo - m.-sc^ in hooker w - 

1 layer combination of a iovwk dielectric ! a highompedarsce metal layer i , 

sufficient to reflect a high percentage smore than 95%) of the a coo-she energy on toe 
boundary surfaces of these two layers baok into the resonator, 'The mirror obtains a high 
bandwidth from the small number of only two mirror layers. This means that the 
requenc} m< s lying within the m >rbai Iwidtlu > eflecte « bm ywe! 
be mt t. example, as 

vO .sli> vi 5 U v- iOUClH/ • UJU 1 ! - . * 

resonators whose frequencies do not deviate more than approximately -7% horn a given 
o^"o . s m m s , ts>e >k ocrv , > i ' 

* «. v v.J v u m O i ! u t ^ v" i( v< h 

thickness tolerance of -±7% may be taken into consideration m this rnanner lor the same 

'The small member of only two layers for creating an acoustic mirror with high 
, s ' , r ^ oe o« > T t. m ^ s m 
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a„ • "■' w -\ , - .. -w 

! v v k ^ vU so v> uch js appxoxim * s ^ 

n v v it < n< < n oi\m 1 w i 

has been used until now, The high mirror bandwidth permits layer thickness fluctuations 
of a-7%. For a kllibmn layer thickness tor BOB, this corresponds to maintaining a 
5 * , e ns * ! as v v 

a layer thickness accuracy of s O.5% according to the state of the art. Still higher iayer 
thickness accuracies can be attained for deposuing tho metal iayer MS. it - moreover 

multiples of /..-quarter. This may be advisable for die metal layer, for example, in order to 
H) « , , < Lvi i] u > gt <. iv. , hkn> 

thickenmi' uu> -iwKk hoi he. ansc a large portion 

lire boundary .surface from resonator R or from the iayer structure SA to the dielectric 
layer DS. 

15 V . ^ < v V. v „ t V V 

£ ch e-- t .as io \ < x 1 1 * i i s t 

thai h; mevaaig .e? s h -quarter, t thai a ^ hi\ei Uhakiv.- .- :g .-a s metal layer 
1^ - x ^ s > v m, v . .0* *! mkeev 

v v m m u> m 1 \ . 

20 do . Uion prevails for ; acoii.stie mirroi 
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PCT/EI 

Figure 7 shows, in schematic cross section, anothes embodimc n « ^ * 
i v > jpnses ipliin? v N \ 

ced a> nr\a n u subsmtie S L » sa em -amice 

Figure 6, here eheleet u layer DS ^ like eec\-\ e - , . e K 

5 pd»\ei/v.e L^ eiv f o .uemhe-N v, . 1 ' ...... eper 

O ^ O. i S R " ^ v. < ! x V ( \ 

layer OS. For an appropriate materia] dinicn.si.onmg ami suitable or cors fro lied process, if. 

> > \ ^< } t x ^ lit c ! V ? V-U <■ OA <. > 

pianarizadoo of the dielectric layer above 1 < resonators RL 112. Tins racndates the 

10 q ^ ^ V- » ^ P 

dielectric layer DS. One standard method ofpk.es . - . .e u . . \ - v. as BCB is 
chemical mechanical pol ishing (CMP) of the surface. Here it is possible to set the 
required mirror layer thickness without significantly increasing the roaghoess of the 
ecluc o s v. sc 

15 

Figom s shows m-ooe; embodiment . o tV ' uvesn-^ in in n Pnh one single acoustic 
un> •» s < iwC ^ Ui II, Rd r\ v. ov . . sLv 1 

, i i Ides a c c i s e io 5 v ses pged i 

series and the resonators arranged in parallel branches, besides the littmg arrangement m 
20 v ^ i w. ? k, or .No evonm r :r d;_ dm LW a >. . , v . nx 1 . n - 

1 a i": vuie-md eeouaj- ^ - oPneb n depmmv t -.•■mow ^ + -a-o>+^ 
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i iFiCA rv :\ vsj i d-i < vkhsion 

Here too, two mirror layers suffice to attain ( ' 'u v tor a layer conibinalion 

„ vv ' 1 ! 0 t L. O \ _ ' V » 

CjL'C 0 C C t „ <> > 5 V C N V t N 0^ 

ra^o* N e^ 0 
resonators. 

s s dm^s s ^m ^ v v v- 1 , v. ^ x ^ mo^4 mdt»Fi 
.r^heti hi. v ^ < . , v >' . s 

' .v \land x n«huuomi. 

<. ■) v l , e <n\ > j s s s 

juale -c et l«r a;sn wauMi the tango oft ; i :vnu N ueuc\\ ttu 

acoustic impedance of the additional layers LL Hi is of only minor importance. 

meUii layer. 

Figure 10 shows, in schematic cross section., a component thai has been expanded 
vJ ! . m ,s v ! . - < -oco pletch t totaled ^ m 
the dielectric layer and the metal layer. The additional circuit: element SE may he an 

v v ! eeiatcd en end elemet 
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?CT/EP0:yy6rT? 
a \—I , \ - - sv 

- SU V A . «. i v. v. > , V 

*. * t tu f makes it possible to provide arbitrary circuit elements and 

eneapsuhue them in cormuoe and to therefore also produce arbitrary circuits having the 
resonators RL 112. 



* o o v.u f p-a- ^ aa an >- i \ f a oupk^r e s oui >\ ieo ^ ih to 

v » i - ifo R> 1 \ 

j 0 s v ^ ^ ^O ^ \. ! ! v. .[ 

• I «. O.tVlt SOS , > 

i K H v a s i ' i 0 1' s J t. tit 

y a J^O!,.:* s^a'M . i 1 1 Hi x it < ^ 

IS t > •> -^i I ?xH k S 1 i K S^ ^0 ^U/iO'V.Ovt 

^ n n x v s . s , ! J ^. . t? ^ i „ U S 

snspcdaooo s Una. h ky ^c;'.x\rJvw v v t\ ou or* shv 

^ V V V S i V. v ^ v KV- Ot 

up to 3 u,m. 
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!\ i" i P: ? ■ v " 

A v * !<m c*. ■ nU liiTOJ 0)> V ^ V kv !(fi v ^ i [ x> 

< ^ i > i s ^ -> n l v f 

be sasis - ? to be eapaeitat u 
5 fee layers of the acoustic nee sessisfovg cam]>nscd of metal and located below die 

resonators, in order to prevent capacitive coupling between individual resonators. 

§ i , n lev s si n * ( n v , e bed e i s -> ii s > 1 ' * o 
• s s s - \ i Rd iii x i\ \, ■ " O > , !k 

F8AR re^sonausrs dih ; n i < scap-ulatfon. It can bo at <. 1 eaee*»K&ftg 
1 1 1 h i 1 1 1 wel { k e typk requi emej s place d behavior o 

UMTS duplexes; for both Rx and for Tx filters. 

15 v ! Uk ,Oil. + t t s o ! 

ippr. w i o uMi 1 ' f d rede L\es i L^u .e^ , , ^ - n i ."kn 
cos eye i k l i ! ^ 

v k v's _n ! O ^ C 

;\ids can Lx luecd on tite suri 

20 sv « \ ' v ( * IK 

M C L i \ DJ dv ..J>A u !!(., ,V. -W.v, ^ 
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1 I L 'iH V, X> 1 It \ 1 0 N v s 

( gh the e i x s - a 1 1 1 > i > 

with a conductive material, tor example. For contacting from below; k *j \ may 

00 «<W1uS. ^ " ^ Sv. s 

pack by soldering on bonding wires. It hs also possible to provide integrated wiring that 
connects the terminal pads ' a metallization onvo that is electrically oisciatcd from 

tJ _ , c v j.Vuti. ^ in N s v a v si 

nw o t 5 OonJ t£0"> v ^ *, ^ti 

K'-kK ^ I > ^ ok 

> e ^n? .<iu. 

aoiKS Man' n * > < , or Dv a; fo> Mo 

k.-of\ < <e aweBliott'hesH^y^fcva^^mtitK^ > ^ 
■> 1 ^ ecojiresenu < s 
- . nvensedev mm", and i } \^ i nin i ojwHenbm 

MX c < > Cv I ' 1 vi< w N^iCCt v v ^ ^ > S ! O't 

to or above each other i mo S s 
\ o . , > ' awo:W- "^Fva'meh -o w!< ^ <. ., he 

•An s n i « v. , to m v v j s 

boete i v the eesermed mam be > 
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